Objective To develop an information model for automating evaluation of concordance between patient preferences and end-of-life care. Methods We modeled and validated 15 end-of-life care preference option domains, to which we mapped preferences recorded in standardized advance care planning documents and 232 end-of-life care events defined by procedure and medication codes. Patient preferences and end-oflife care events were available in electronic health records. Data from Kaiser Permanente Southern California modeling and testing populations were evaluated for concordance between patients' preferences and the end-of-life care events they experienced. Results The information model successfully assessed concordance between patient preferences and end-of-life care events. Among 388 expired patients in the modeling population, 4164 care events occurred, 4100 (98%) of which were preference-concordant, and 64 (2%) of which were preference-discordant. Including end-of-life care events that did not occur increased the number of observations to 6029; 99% were preferenceconcordant. At the level of individuals, 72% (278) of patients experienced only preference-concordant care events, 13% (50) experienced at least one preference-discordant care event, and 15% (60) experienced no preference-related care events. Discussion Model limitations pertain to assumptions that are required to match advance care planning documents with patient preference options and exclusion of preferred care that did not occur. Further research is required to apply the model to larger populations and to investigate the need for additional preference options. Conclusion An information model for automating the assessment of the concordance between patients' advance care planning preferences and the end-of-life care they received was effective in a small population and has the potential to assess population-level preference-concordance on an ongoing basis.
BACKGROUND AND SIGNIFICANCE
The goal of advance care planning is to allow patients to maintain their autonomy should they become incapable of making care decisions on their own behalf, ensuring that patients can be provided with patientcentered care even when they cannot express their values and preferences or advocate for themselves. 1 To achieve this goal, advance care planning activities must be documented in patients' health records and be able to be readily retrieved in any care setting.
In addition, it is essential that healthcare providers adhere to patients' values and goals. However, there is conflicting evidence about the extent to which providers do so. Estimates of overall concordance of patient preferences with the end-of-life care they actually receive range from 41-86%. [2] [3] [4] [5] [6] Patients who prefer life-extending treatments were more likely to receive them, [7] [8] [9] but more than half of those preferring such treatments received only comfort measures. 8 Conversely, among inpatients, 70% preferred comfort care, but 63% of these inpatients received at least one life-extending treatment, and 80% had a "do not resuscitate" (DNR) order listed in their medical record, but 18% of these patients received cardiopulmonary resuscitation (CPR). 10 Older patients preferring life-extending treatments were less likely to receive them than younger patients, and black patients were less likely to experience preference-concordant care than white patients, indicating that systematic biases may exist. 11, 12 Previous assessments of concordance between patients' end-of-life preferences and the care they receive share several limitations. Many such studies rely on patient interviews to ascertain their preferences or previous documentation of their preferences. Few studies examine the relationship between end-of-life care and advance care planning documents in health records, which may include advance directives, physician orders for life-sustaining treatments (POLSTs) and code status (such as DNR orders), and powers of attorney. 5, 9, 13, 14 These documents provide varying degrees of specificity regarding patient preferences for end-of-life care (see Supplementary Appendix Table 1) .
Although a few studies have assessed administrative indicators of care (e.g., emergency department visits, hospitalizations), [15] [16] [17] patient treatment near the end of life is assessed primarily by chart review and postmortem caregiver interviews. 3, 4, 7, 12, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] Postmortem interviews with caregivers may be subject to response bias. 28, 29 In addition, these time-consuming methods, by their nature, constrain sample sizes, which, in existing reports, range from a few dozen to approximately 1500 individuals. [2] [3] [4] [5] [6] [7] [8] [9] [10] 30, 31 One exception is a single population-based study examining the association of a POLST with place of death among nearly 18 000 decedents. 13 Population-based assessments of concordance between documented patient preferences and end-of-life care events are essential for identifying and ameliorating system-level issues in end-of-life care that may be represented by preference-discordant events. Such assessments require the ability to identify and extract discrete data on patient preferences and the care they receive, which are stored across unrelated databases in an electronic health record (EHR), and evaluate them within an organizing framework that enables comparing patient preferences and received care. We report on the development of information models to represent the domains of advance care planning preferences and end-of-life care and their combined use, to assess concordance between patient preferences and received care. Our goal was to develop a method for identifying episodes and rates of discordant care from administrative data systems that can be used for quality improvement.
METHODS
Developing the Information Models Information models were developed for advance care planning preference options and end-of-life care events at Kaiser Permanente, which, with 10 million members in seven regions, is among the largest notfor-profit integrated healthcare delivery systems in the United States. An integrated, comprehensive EHR, KP HealthConnect TM , is available in all Kaiser Permanente regions and care settings and captures all care events that occur within the Kaiser Permanente system. To facilitate recording advance care planning preferences and retrieving patient preference documents, Kaiser Permanente Southern California implemented a Care Directives Activity tab in their EHR. This tab provides a single, consistent location for entering and retrieving scanned end-of-life care preference documents. 32 We developed the information model based on a population of 421 patients, aged 65 years or older, who passed away during or after an inpatient event at a single Kaiser Permanente Southern California medical center during the study period, between January 1 and September 30, 2013. Of these patients, who were hospitalized 740 times during the observation period, 388 (92%) had end-of-life care preferences documented in the EHR in standardized advance care planning documents and were included in the modeling population.
We tested the information model on 393 patients from the same medical center, who were also aged 65 years or older, had an emergency room visit or inpatient event requiring admission to the intensive care unit between January 1 and September 30, 2013, and were not included in the modeling population. Of these patients, who were hospitalized 605 times during the observation period, 354 (90%) had endof-life care preferences documented in the EHR and were included in the testing population. Of these 354 patients, 60 patients were excluded because they were also part of the modeling population; the final testing population comprised 294 patients.
Modeling the Domain of Advance Care Planning Preferences
To systematically assess advance care planning preferences in the study population, we first converted the patients' end-of-life care preference document information into discrete data. We collected all scanned end-of-life care preference documents for the modeling and testing populations, which included Kaiser Permanente and external advanced directive forms, POLSTs, and powers of attorney. Code status orders, including DNR orders, were available in the EHR.
There were 1099 end-of-life care preference documents for the modeling population: 842 (77%) code status orders, of which 456 (54%) were DNR orders and 386 (46%) were orders for full resuscitation; 160 (15%) POLSTs; 76 (7%) advance directives; and 21 (2%) powers of attorney that were not part of advance directives. There were 435 end-of-life care preference documents for the testing population: 391 code status orders, of which 86 (22%) were DNR orders and 305 (78%) were orders for full resuscitation; 29 (7%) POLSTs; 14 (3%) advance directives; and 1 (0.2%) power of attorney that was not part of an advance directive.
We entered the data from the scanned end-of-life care preference documents into a spreadsheet, for each document type, for each population. To define the domain of advance care planning preferences, we pooled patient preference data across populations and preference document types and identified 15 options that collectively captured patient preferences. We excluded a few preferences with nuances that could not be generalized in the model (eg, avoiding and continuing to enjoy a quality life, perpetual masses, etc.).
Next, we developed a scheme for coding documented patient preferences for the 15 advance care planning options. We began by examining the state-specific POLST, which included three major domains with a total of eight preference options:
1. If a patient is not breathing, do or do not administer CPR; 2. If a patient is breathing and needs care, provide comfort only, partial treatment, or full treatment; and 3. If a patient is breathing, provide no artificial nutrition, artificial nutrition for a limited duration, or artificial nutrition for an indefinite period of time.
The POLST options did not represent the 15 advance care planning preferences in sufficient detail ( Figure 1 ). The three POLST treatment options were related to 13 end-of-life care preferences, so more granular mapping was required. Advance directive preferences and code status orders overlapped POLST preferences and also required more granular mapping. Consequently, we created dichotomous codes for the 15 care preferences (Table 1) , using clinical judgment to translate any vague language about patient preferences in advance care planning documents into discrete values.
The end-of-life care preference options documented in POLSTs, advance directives, and code status orders were then mapped to the coding scheme. Two POLST-documented preferences, CPR and artificial nutrition, could be mapped directly. Coding preferences for end-of-life care intensity (comfort care only, partial treatment, or full treatment) required the following assumptions. We inferred that the partial treatment preferences both included preferences for dialysis unless otherwise specified and precluded preferences for cardioversion or defibrillation, because these procedures would be explicitly requested along with CPR. We used clinical judgment to infer care preferences related to antibiotics and intravenous fluids that differed from the POLST language. For instance, some patients may benefit from intravenous fluids at the end of life, and antibiotics may be appropriate as a comfort measure in some cases, eg, to address a cough or an oozing wound. Therefore, we inferred that patients with comfortonly end-of-life care preferences preferred both treatments. In addition, we inferred that patients preferred to die at home unless they specified treatment preferences. Specifically, we inferred that patients with comfort-only goals preferred to die at home and that patients with partial and full treatment goals preferred to receive more intensive treatment that increased the likelihood of dying in the hospital (Table 2) .
Advance directive-documented care preferences could be coded by following the preference document's language and POLST assumptions. Mapping code status orders to the 15 preference options required slightly modified assumptions ( Table 2 ). All code status order preferences defaulted to "yes," unless they explicitly stated otherwise, with the exception of the DNR preference, which precluded preferences for CPR and defibrillation.
Modeling the Domain of End-of-Life Care Received by Patients
To define the domain of end-of-life care, we collected all EHRrecorded medical care events for the modeling and testing populations, consisting of procedure and medication codes, and any additional claims for procedures or medications that were not captured in the EHR. During the observation period for the modeling population, more than 1.65 million individual care events took place, which reflected multiple occurrences of 395 events.
We used a two-step process, relying on clinical judgment to identify procedures and medications indicating care events relevant to advance care planning. Two nurse informaticists reviewed the list of 395 care events and assessed the relevance of each to one of the 15 preference options, determining that some were irrelevant to end-of-life care. This step reduced the list of care events to 261. A physician with board certification in both palliative and geriatric medicine (S.W.) further refined the list, again using clinical judgment and consulting with physician colleagues and clinical resources for additional advice. The final list included 232 end-of-life care events. The number of procedures and medication orders per advance care planning preference option varied widely. Table 3 contains examples of procedures and medications potentially indicating end-of-life care; a complete list of procedures and associated codes are available in Supplementary Appendix Tables 2 and 3. A documented code for any procedure or medication within the clinical description indicated that an end-of-life care event occurred, and it was assigned a value of 1. If no procedures or medications within the clinical description were documented, the end-of-life care event was assigned a value of 0.
Final Information Model
The two domains were combined into a single model juxtaposing endof-life care events with patients' documented preferences. All patientlevel document and end-of-life care event data were used to create new datasets consisting of binary values for the 15 care preferences and related end-of-life care events. Each event was considered in relation to the patient's most recently documented advance care planning preference. Figure 2 illustrates the relationship between codes for documented patient preferences and end-of-life care events for a hypothetical patient and concordance between them, which is indicated by a value of 1, for preference-concordant care, and a value of 0, for preferencediscordant care. Preference-concordant care occurred when patients experienced end-of life care events they preferred or did not experience end-of-life care events they did not prefer. Preference-discordant care occurred when patients experienced end-of-life care events they did not prefer. The information model did not support assessing preference-discordance in which patients did not experience the end-oflife care events they preferred, because we could not ascertain whether such events did not occur because because they were not medically necessary or not appropriate.
Concordance
We measured event-level concordance by tabulating all end-of-life care events that were documented as occurring and for which there was a recorded patient preference or nonpreference and all end-of-life care events that were not documented as occurring and for which there was a recorded patient nonpreference. We assessed patientlevel concordance by tabulating, for each patient, all end-of-life care events documented as occurring and for which there was a recorded patient preference or nonpreference and end-of-life care events not documented as occurring and for which there was a recorded patient nonpreference. Concordance evaluation was automated in SAS 9.2, which enabled us to perform millions of concordance assessments for the study population at the patient and event levels for the 15 advance care planning preferences and related end-of-life care events.
RESULTS

Model Population
At the level of care events, 4164 end-of-life care events occurred among the 388 patients in the modeling population and were concordant with preferences in 4100 (98%) instances and discordant in 64 (2%) instances. Including observations for patients' nonpreferred care events that did not occur increased the number of concordance observations to 6029, of which 99% were preference-concordant. We excluded 7182 care events that did not occur and for which patients had documented end-of-life care preferences (Figure 3) . At the patient level, 72% (278) of patients in the modeling population experienced only preference-concordant care events, 13% (50) experienced at least one preference-discordant care event, and 15% (60) experienced no recorded preference-related care events.
Testing Population
At the event level, 38 of the 294 patients in the testing population experienced end-of-life care events, totaling 968 events. End-of-life care events that occurred were concordant with the patient's preferences in 964 (99%) instances and discordant with the patient's preferences in 4 (<0.01%) instances. Including observations for nonpreferred endof-life care events that did not take place increased the number of concordance observations to 1125, of which 99% were preferenceconcordant. We excluded 1087 end-of-life care events that did not occur and for which patients had documented preferences (Figure 4) .
At the patient level, 90% (34) of patients in the testing population experienced only preference-concordant care events, 5% (2) experienced at least one preference-discordant care event, and 5% (2) experienced no recorded end-of-life care events. Medications: Adenosine 3 mg/mL intravenous solution; adenosine 3 mg/mL intravenous syringe, amiodarone 150 mg/100 mL (1.5 mg/mL) in dextrose 5% IV; amiodarone 50 mg/mL intravenous solution; amiodarone 900 mg/500 mL (1.8 mg/mL) in dextrose 5% IV; atropine 0.1 mg/mL injection syringe; atropine 0.4 mg/mL injection solution; calcium chloride 100 mg/mL (10%) intravenous syringe; calcium gluconate 100 mg/mL (10%) intravenous solution; sodium bicarbonate 8.4% (1 mEq/mL) intravenous syringe Cardioversion Procedures: Cardioversion, elective, electrical conversion of arrhythmia; external; catheter ablation for AFIB; atrial fibrillation.
Medications: Sotalol
Defibrillation Procedure: Ventricular defibrillation AFIB, atrial fibrillation; IV, intravenous.
DISCUSSION
We successfully modeled the domains of advance care planning preferences and end-of-life care events and combined the models to assess the concordance between patients' preferences and the care they actually received. The information model provides a framework for conducting efficient assessments of the degree to which end-oflife care is patient-centered. We also tested the model in a separate population, with similar results. The information model has several limitations. As we noted earlier, we made assumptions to map some information contained in advanced directives and code status orders to the 15 advance care planning preferences, but we did not attempt to validate our assumptions. We aimed to make conservative assumptions and consulted with colleague physicians about the extent to which we succeeded in that aim, but a different set of assumptions could result in different findings. Some procedures and medications that we selected as being indicative of end-of-life care events are also used in care before the end of life (eg, such as elective external cardioversion and intravenous administration of adenosine and sodium bicarbonate; see Table 3 ). We captured an unknown number of procedures and medications that were used before the end of life without regard to documented patient end-of-life care preferences, the net effect of which would have been to increase the proportion of preference-discordant care. As a result, the estimated rate of preference-discordant end-of-life care reported herein is conservative.
Although the information model we describe is broadly applicable, the ability to implement it is contingent on an integrated EHR that provides current advance care planning preference documents and comprehensively captures end-of-life care events as discrete data. The availability of documented advance care planning preferences was enhanced by the Care Directives Activity tab in the Kaiser Permanente Southern California EHR, because, in general, locating advance care planning preferences within the EHR is challenging. 33 The degree to which the model can be meaningfully applied is contingent on Figure 2 : Relationship between codes for documented preferences, end-of-life care events, and concordance for a hypothetical patient. 1, documented preference, care event documented as occurring, or preference-concordant care; 0, documented nonpreference, care event not documented as occurring, or preference-discordant care. provider-patient advance care planning conversations and whether or not patients completed related end-of-life care preference documents, preferably in an electronic format, but estimates of the proportion of the older adult population with completed advance care planning documents vary widely. 34, 35 The primary purpose of this report is to describe automating the process of assessing concordance, not to present concordance results for comparison with other reports. We are currently applying the model to assess concordance in larger populations and will report those findings separately. However, characteristics of the model itself and of the modeling and testing populations likely contributed to the concordance rates reported here. First, we found event-level rates of preferenceconcordant care that are higher than such concordance rates reported elsewhere in the literature. [2] [3] [4] [5] [6] Existing reports assess concordance at the level of patients, rather than events; we were unable to identify benchmarks for event-level concordance between patient preferences and the end-of-life care patients received. At the patient level, concordance was within the previously reported range. [2] [3] [4] [5] [6] No recorded end-of-life care events occurred for 15% of the patients in the modeling population and 5% of the patients in the testing population. These portions of the two populations included patients who died after hospital discharge, those who preferred care events that were not medically necessary or appropriate, and those who did not experience preferred end-of-life care events that were medically necessary and appropriate. The last category represents preferencediscordant care; however, because we were unable to distinguish between the three categories, the model excluded all preferred care events that did not occur. Such instances collectively accounted for 54% of all the end-of-life care events in the modeling population. Had we been able to clearly identify preferred end-of-life care events that were medically necessary and appropriate but did not occur, the proportion of event-level, preference-concordant care would be lower than what we report here.
In addition, although patients in the modeling and testing populations experienced different rates of preference-concordant care, the two populations were not intended to be used to enable concordance comparisons. The modeling population included 388 patients who died, all of whom experienced end-of-life care events. In contrast, among members of the testing population, who were admitted to the intensive care unit but did not necessarily die during the study period, only 38 (12%) experienced end-of-life care events.
An inherent limitation of using advance care planning documentation to assess patients' end-of-life care preferences is the possibility of discordance between end-of-life care preference documentation and a patients' actual preferences. Updating documents as patients' conditions change is imperative; our project did not assess the currency of documentation; the model assessed only care that was delivered in the inpatient setting.
Our report's strengths include the fact that, to the best of our knowledge, it is the first to assess automated assessment of advanced care planning preferences and end-of-life care using administrative data. The information model we present can be tailored for application to various setting-or population-specific patient preference and care domains and assumptions, supporting performance improvement by trending end-of-life care concordance over time.
CONCLUSION
An information model for automating the assessment of the concordance between patients' advance care planning preferences and the end-of-life care they received was effective in a relatively small population consisting of patients who had died. It provides a foundational framework for assessing population-level concordance between patient preferences and end-of-life care on an ongoing, timely, and efficient basis, identifying system-level issues and biases and improving patient-centered care near the end of life. 
